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Abstract: The focus of this study was Cyclamen alpinum (formerly C. trochopteranthum). Habitat fragmentation,
environmental degradation, and overharvesting of tubers have exerted pressure on native populations of this valuable
ornamental species. Although the entire Cyclamen genus is in the Convention on International Trade in Endangered
Species of Wild Fauna and Flora-Appendix II (CITES II), no species has yet been red-listed. Estimating the level and
distribution of genetic variation in populations of rare and endemic species is important for conserving genetic diversity
within a species in the context of well-developed conservation strategies. Currently, DNA markers are the most effective
means used to infer genetic variation at the molecular level in conservation genetics. In this study, random amplified
polymorphic DNA (RAPD) analysis was employed to assess the genetic diversity within and among 6 natural C. alpinum
populations in the south and southwest of Turkey. A total of 190 loci were determined by using 15 polymorphic primers.
Total genetic variation (HT) was 0.27 ± 0.02. A high proportion of this variation, 0.16 ± 0.01 (59.26%), was due to withinpopulation genetic variation (HS). The genetic differentiation coefficient (GST) was 0.41, and the level of gene flow (Nm)
within a generation among the 6 populations studied was 0.73. As a result of these findings, we propose in situ combined
with ex situ conservation of all C. alpinum populations. In addition, our results support prior recommendations to add
C. alpinum to the International Union for Conservation of Nature and Natural Resources (IUCN) Red List under the
critically endangered (CR) category.
Key words: Cyclamen alpinum, Cyclamen trochopteranthum, genetic diversity, RAPD

Introduction
There are more than 500 geophyte species growing
naturally in Turkey, and the bulbs of most of these
species are exported (1,2). In general, they are
propagated by vegetative means (3). However, the
horticulturally important genus Cyclamen L. is a
tuberous perennial geophyte, and seeds are used in
its propagation (4). Cyclamen species have a limited
dispersal capacity due to their primary dependence
on ants to transport their relatively few, large seeds
(5,6). They show some form of summer dormancy in
response to a lack of moisture sufficient to maintain

normal physiological activity. The arrival of autumnal
precipitation and cooler temperatures induce an
important regrowth in this species. Aboveground
parts of the plant die back, and drought is avoided
by means of a summer-dormant underground
storage organ, the tuber. Regrowth occurs from
belowground perennating buds. Both the avoidance
of summer drought and rapid regrowth in response
to environmental cues are enabled by the storage of
nutrients in tubers (6).
Cyclamen has been the focus of unusual
taxonomic activity over the last 70 years. Nine
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infrageneric classifications were proposed over that
period for Cyclamen, a small genus with fewer than
30 species (7). Therefore, Cyclamen alpinum has a
confusing taxonomic history. It was first described in
the last part of the 19th century and was known as
Cyclamen alpinum Sprenger until it was redescribed
as Cyclamen trochopteranthum by Otto Schwarz in
1975. Today it is again known as C. alpinum (8). It
is an ornamental species with attractive pink flowers
and dark green leaves that are grey-green and creamcolored in the center. It is 1 of 10 Cyclamen species
that grow naturally in Turkey. When it was described
as C. trochopteranthum, it was accepted as 1 of 6
endemic species among the 10 Cyclamen species of
Turkey (1). However, under the name of C. alpinum,
its endemism is controversial. It grows in the south
and southwestern parts of Turkey, especially in
Antalya, Muğla, Denizli, Burdur, and Isparta. In
general, it is found at elevations of 350-1500 m under
Pinus brutia Ten. and Liquidambar orientalis Mill.
trees or under Laurus nobilis L. and Ceratonia siliqua
L. shrubs, in partially shaded moist habitats with
soils rich in humus. However, some populations of
this species can be found close to sea level in Dalyan
and Marmaris, and there are populations growing at
1670 m on Sandras Mountain, as well (9).
Because of the tremendous impact of humans
on their environment over the past 50 years (e.g.,
increase in agricultural and residential areas,
tourism activities, and the construction of roads
and dams), the natural growing areas of many plant
species, including C. alpinum, have been destroyed.
Intense pasturing, collection of tubers for medicinal
purposes, and exportation of the plants are additional
human-created pressures on C. alpinum populations.
Therefore, conservation is important for the
continued existence and evolution of this species.
A primary goal of conservation genetics is to
estimate the level and distribution of genetic variation
in the populations of rare and endemic species and
then create a plan to preserve genetic diversity within
the species. Currently, DNA markers are the most
effective means by which conservation genetics infers
variation at the molecular level. They are also effective
tools that enable clarification of taxonomic synonyms
and detection of the origin of species and cultivars.
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These markers have been used to study genetic
diversity in various plant species (10). However,
DNA marker systems are complex and there are basic
difficulties involved in using most of them, such as
restriction fragment length polymorphisms (RFLPs),
simple sequence repeats (SSRs), and amplified
fragment length polymorphisms (AFLPs) (11).
Although AFLPs and SSRs are generally preferred
due to their informativeness, random amplified
polymorphic DNAs (RAPDs) are still widely used;
they are simple to perform, have low costs, and
do not require DNA sequence information (12).
Additionally, the RAPD system provides a more
arbitrary sample of the genome and can generate
essentially unlimited numbers of loci for use in
genetic analysis (13).
In this study, RAPD analysis was employed to
assess the genetic variability within and among 6
C. alpinum populations located in the southern
and southwestern regions of Turkey at different
elevations. Although there are several studies related
to its taxonomy (7), morphology, ecology, and
cytology (14) as well as in vitro and in vivo seed
germination (4), this is the first report characterizing
the populations of this valuable yet taxonomically
confusing and controversial ornamental species
using a DNA marker system.
Materials and methods
Plant material
Four C. alpinum populations at elevations of 20, 30,
40, and 50 m from Dalyan-Muğla, 1 population at 560
m from Çukurköy-Denizli, and 1 population at 1100
m from Elmalı-Antalya were sampled and used in
the study (Figure 1). Populations sampled were from
rarely found C. alpinum populations in Turkey, and
they were located in a region that is very important
for tourism and agriculture. For this reason, some
of the populations screened in this study could only
be minimally sampled. For example, Pop-4 and
Pop-6 were represented by only 3 and 6 individuals,
respectively (Figure 1). For the same reason, in the
Çukurköy-Denizli and Elmalı-Antalya populations
we obtained pieces of tuber tissues from individual
plants collected for another purpose and used them
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Figure 1. Locations of the 6 C. alpinum populations.
Pop-1: Dalyan-Muğla (20 m), Pop-2: Dalyan-Muğla (30 m), Pop-3: Dalyan-Muğla (50 m), Pop-4: Dalyan-Muğla (40 m),
Pop-5: Elmalı-Antalya (1100 m), Pop-6: Çukurköy-Denizli (560 m)

in the analysis, while leaves from individual plants
were used to analyze the remaining 4 populations
from Dalyan-Muğla.
Individual plants in each population were
collected using a transect method. Each transect
consisted of a straight line. In each population, the
length, numbers, and directions of transects were
determined depending on the size of the population
and other characteristics of the location such as
slope, topography, and uniformity. Depending on the
size of the population, 1 plant was sampled at every
10 to 30 m of a transect. The collected samples were
stored at −20 °C in a freezer until the DNA extraction
procedure.
Genomic DNA isolation
Genomic DNA was extracted from leaves and tubers
using a protocol optimized according to the methods
of Doyle and Doyle (15), Cullings (16), and Sharma
et al. (17). According to this optimized protocol, 1
g of tissue (leaf or tuber) was submerged in 5 mL
of 96% ethanol for 30 min. After evaporation of
the ethanol, the tissue was ground with a mortar
and pestle. Another 5 mL of 96% ethanol was then
applied to the ground tissue, and the sample was
left in the hood for evaporation of the ethanol. After
grinding the tissue once more, 500 μL of prewarmed
(65 °C) CTAB buffer (0.1 M Tris, pH 8.0; 1.4 M NaCl;
0.02 M EDTA; and 2.0% cetyltrimethylammonium

bromide) was added to 0.03 g of the finely powdered
tissue, vortexed very well, and incubated in a 65 °C
water bath for 60 min by vortexing at the 20th, 40th,
and 60th minutes. This was followed by the addition
of 500 μL chloroform and isoamyl alcohol (24:1). The
samples were mixed well by inverting the tubes and
centrifuged for 10 min at 14,000 rpm. Next, the top
aqueous layer was transferred to another tube. The
volume of the aqueous phase was estimated to be
approximately 300-350 μL, and 0.08 volumes of cold
7.5 M ammonium acetate and 0.54 volumes (using
the combined volume of aqueous phase and added
ammonium acetate) of cold isopropanol were added
to precipitate the DNA. After incubation at −20 °C
for 30 min, the sample was centrifuged at 14,000
rpm for 4 min to pellet the DNA. The supernatant
was removed and 700 μL of cold 70% ethanol was
added to wash the pellet, followed by centrifugation
at 14,000 rpm for 3 min. The ethanol was then
removed and the pellet was dried and resuspended
in 100 μL of TE buffer, pH 8.0 (10 mM Tris, 1 mM
EDTA). Next, 10 μg of RNase (Fermentas, Lithuania)
was added and incubated at 37 °C for 60 min, mixing
thoroughly but gently. After incubation, 400 μL of
chloroform and isoamyl alcohol (24:1) was added;
the solution was mixed thoroughly for 10 min and
centrifuged at 14,000 rpm for another 10 min. The
top aqueous layer was transferred to a clean tube,
and 2 volumes of 96% ethanol were added. This was
415
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followed by precipitation at −20 °C for 30 min and
centrifugation at 14,000 rpm for 4 min to pellet the
DNA. The supernatant was removed, and 700 μL
of 70% ethanol was added to the pellet. This was
followed by centrifugation at 14,000 rpm for 3 min.
Finally, the ethanol was removed, and the pellet was
dried and resuspended in 100 μL of TE, pH 8.0.
Although running test gels indicated that the
DNA from the samples was of sufficient quality and
quantity, the majority of samples did not produce
any bands or produced only a few faint bands in
the polymerase chain reaction (PCR). Therefore,
they were washed with NaCl to cleanse them of
PCR inhibitors such as excess polysaccharides and
phenolic compounds in an additional step conducted
in the above procedure. In this step, 100 μL of 2 M
NaCl and 200 μL of 96% ethanol were added to DNA
suspended in 100 μL of TE and incubated on ice for
30 min. Following centrifugation at 12,000 rpm for
10 min, the pellet was washed with 70% ethanol.
After drying, the pellet was resuspended in 100 μL of
TE, pH 8.0. DNA yields per sample varied from 1800
ng to 24,000 ng. Each template DNA was diluted to
10 ng/μL with TE (pH 8.0) prior to use. However, the
problem encountered in PCR continued in the DNA
extracted from tubers. The problem was solved with a
1:1 dilution (to 5 ng/μL) by TE (pH 8.0), which most
likely diluted the inhibitor substances to ineffective
levels in the PCR.
DNA amplification conditions
In this study, 37 ten-base oligonucleotide primers
from Operon Technologies (Alameda, California,
USA) including kits from A (OPA) to R (OPR) were
used. The conditions reported by Williams et al. (18)
for generating RAPD markers by PCR were optimized
for DNA from the C. alpinum populations used in
this study. The PCR mixture (25 μL) included 25 ng
template DNA, 5.5 mM MgCl2, 0.2 μM primer, 200
μM dNTPs (for each), 1 unit Taq DNA polymerase,
2.5 μL PCR buffer (from 10X), 0.5 μL bovine serum
albumin (BSA), and 0.13 μL Tween 20. The cycling
program was as follows: 45 cycles of 1 min at 94 °C
(denaturing), 1 min at 37 °C (annealing), and 2 min at
72 °C (extension), with 6 min of initial denaturating
at 94 °C and 10 min of postholding at 72 °C for
the final extension in an Eppendorf Mastercycler
gradient thermal cycler (Hamburg, Germany).
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Strategy for identification of RAPDs and data
collection
Initially, 37 RAPD primers were screened against
DNA from a subset of 6 individuals randomly
selected among the 70 individuals from the 6 C.
alpinum populations. From among these, 15 primers
were selected based on the reproducibility and
number of polymorphic bands. The primers were
then screened with the DNA of all individuals of the
studied populations. Each amplification reaction with
these 15 primers was performed twice, and highly
reproducible results were obtained. Nonreproducible
bands were not included in scoring.
In the single-locus segregation data, presence of
a band was scored as 1, while absence of the same
band was scored as 0. In cases where no bands were
detected throughout a lane, the locus was scored as
missing data.
Data analysis
In order to evaluate C. alpinum populations for intraand interpopulation genetic diversity, several statistics
were used. Polymorphism (P), the proportion of
polymorphic loci detected (criterion of 99% was
used); mean number of observed (Na) and effective
(Ne) alleles per locus (19); Nei’s gene diversity (h)
as a measure of heterozygosity (20); and Shannon’s
information index (I) (21) were calculated. Total
genetic variation (HT), within-population genetic
variation (HS), and Nei’s (20) genetic differentiation
coefficient (GST) were determined. Gene flow (Nm)
was estimated from GST values using the relationship
Nm = 0.5 (1 − GST) / GST, in which N is the effective
population size and m is the proportion of the
population that are migrants. All calculations were
performed using the POPGENE v. 1.32 (22) computer
program.
Subsequently, genetic distance (DN) coefficients
among all possible population pairs were calculated
(23), and a dendrogram by the neighbor-joining
(NJ) method (24) was constructed using the Genetic
Data Analysis (GDA) program (25). Regression
and correlation analyses between elevations of the
populations and their diversity measures (P%, Na,
Ne, h, and I) obtained in the study were performed
using SPSS 14.0.
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Results
Of the 37 RAPD primers that were initially screened
against DNA from a subset of 6 individuals randomly
selected from among the 70 total individuals from 6 C.
alpinum populations, 23 revealed at least 1 polymorphic
locus. In this study, the frequency of polymorphic
RAPD primer for C. alpinum was 62.16%. None of
the primers were monomorphic, and the remaining
14 primers produced no bands in the subset from the
populations (Table 1).

Table 1.

Screening the DNA from all individuals of the
studied populations with 15 polymorphic RAPD
primers resulted in a total of 190 loci. Genetic
parameters for intra- and interpopulation variability
are given in Table 2. The percentage of polymorphic
loci (P%) in populations varied between 25.26%
(Pop-6) and 72.11% (Pop-3). Of all loci detected
in the populations, 97.37% were polymorphic. The
overall mean number of observed alleles per locus
(Na) was 1.97 ± 0.16, while the overall mean number

Total number of bands with their size ranges and number of polymorphic bands produced by the screened 37 random 10-mer
OPERON primers.

Primer code
OPA-01
OPA-02*
OPB-01
OPB-04
OPC-03
OPC-09
OPD-02*
OPD-07
OPE-01
OPE-02*
OPF-01
OPF-07
OPF-10*
OPG-03*
OPG-10*
OPH-01
OPH-03*
OPH-08
OPI-02*
OPI-03
OPI-07
OPJ-02
OPK-06
OPK-07*
OPK-08
OPL-01
OPL-05
OPL-06*
OPM-07*
OPN-06*
OPN-09
OPP-01
OPP-08*
OPP-09
OPQ-01*
OPR-04
OPR-08*

Sequence of the primer
(5’to 3’)
CAGGCCCTTC
TGCCGAGCTG
GTTTCGCTCC
GGACTGGAGT
GGGGGTCTTT
CTCACCGTCC
GGACCCAACC
TTGGCACGGG
CCCAAGGTCC
GGTGCGGGAA
ACGGATCCTG
CCGATATCCC
GGAAGCTTGG
GAGCCCTCCA
AGGGCCGTCT
GGTCGGAGAA
AGACGTCCAC
GAAACACCCC
GGAGGAGAGG
CAGAAGCCCA
CAGCGACAAG
CCCGTTGGGA
CACCTTTCCC
AGCGAGCAAG
GAACACTGGG
GGCATGACCT
ACGCAGGCAC
GAGGGAAGAG
CCGTGACTCA
GAGACGCACA
TGCCGGCTTG
GTAGCACTCC
ACATCGCCCA
GTGGTCCGCA
GGGACGATGG
CCCGTAGCAC
CCCGTTGCCT

Total # of bands
produced
6
7
8
7
7
12
12
13
9
9
11
10
8
8
9
13
12
13
14
7
14
12
10

Range of bands produced
(bp)
600-2500
500-1600
600-2500
800-3000
400-1500
650-2000
300-1900
400-1900
750-2400
750-1900
750-2000
650-2000
650-1800
650-2000
400-1500
650-2100
500-1900
500-2000
600-2100
750-1900
500-2000
500-2000
750-1800

Total # of polymorphic
bands produced
2
3
2
4
3
2
5
5
2
4
2
3
2
2
4
3
5
4
6
3
5
3
4

*Primers screened with the DNA of all individuals.
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Table 2. Genetic parameters for intra- and interpopulation variability in C. alpinum populations.

Populations

Percentage of
Mean sample size
polymorphic loci
per locus
(P%)
11

Pop-1

64.21

Mean number of alleles per locus
Observed
(Na)
1.64 ± 0.48

Effective
(Ne)
1.33 ± 0.36

h

I

0.20 ± 0.19

0.30 ± 0.27

Pop-2

7

50.00

1.50 ± 0.50

1.28 ± 0.35

0.17 ± 0.19

0.25 ± 0.27

Pop-3

14

72.11

1.72 ± 0.45

1.38 ± 0.37

0.23 ± 0.19

0.34 ± 0.27

Pop-4

3

27.37

1.27 ± 0.45

1.19 ± 0.34

0.11 ± 0.18

0.16 ± 0.26

Pop-5

15

60.53

1.61 ± 0.49

1.32 ± 0.37

0.19 ± 0.20

0.28 ± 0.28

Pop-6

5

25.26

1.27 ± 0.45

1.17 ± 0.31

0.10 ± 0.17

0.15 ± 0.25

Overall mean

55

97.37

1.97 ± 0.16

1.46 ± 0.31

0.28 ± 0.15

0.44 ± 0.20

Regression and correlation analysis was not
significant between elevations of the populations
and their diversity measures (P%, Na, Ne, h, and I)
obtained in the study (data not shown).

of effective alleles per locus (Ne) was 1.46 ± 0.31. Pop4 and Pop-6 had the same lowest value for Na (1.27 ±
0.45), and Pop-3 had the highest value (1.72 ± 0.45).
Ne values of the populations varied between 1.17 ±
0.31 (Pop-6) and 1.38 ± 0.37 (Pop-3). The overall
mean of Nei’s (20) gene diversity (h) was 0.28 ± 0.15,
ranging from 0.10 ± 0.17 in Pop-6 to 0.23 ± 0.19 in
Pop-3; the overall mean of Shannon’s information
index (I) was 0.44 ± 0.20, with values ranging from
0.15 ± 0.25 in Pop-6 to 0.34 ± 0.27 in Pop-3.

Discussion
Virtually all of Earth’s ecosystems have been
significantly affected by intense human activities.
A change in an ecosystem necessarily affects the
included species. Human activities have caused an
estimated 50 to 1000 times more extinctions in the
last 100 years than would have occurred due to natural
processes (26). According to the International Union
for Conservation of Nature and Natural Resources
(IUCN) Red List released on 4 May 2006, the IUCN
being the main authority on the conservation
status of species, 40,168 species as a whole plus an
additional 2160 subspecies, varieties, aquatic stocks,
and subpopulations have been evaluated. Among the
species evaluated, 16,118 were considered threatened;
8390 of these threatened species were plants.

Gene diversity, population differentiation, and
gene flow estimates for the C. alpinum populations
are given in Table 3. Total genetic variation (HT)
was 0.27 ± 0.02. A high proportion of this variation,
0.16 ± 0.01 (59.26%), was due to within-population
genetic variation (HS). The genetic differentiation
coefficient (GST) was 0.41. Mean gene flow (Nm)
within a generation among the 6 populations was
0.73.
Genetic distance coefficients (DN) (23) ranged
from 0.1301 to 0.3604 among population pairs. The
minimum distance was detected between Pop-1
and Pop-2, and the maximum distance was detected
between Pop-4 and Pop-5 (Table 4). A NJ dendrogram
is presented in Figure 2.

Cyclamen species occupy the Mediterranean
region and have their highest levels of diversity
in Greece and Turkey, areas that support their

Table 3. Gene diversity, population differentiation, and gene flow estimates for the C. alpinum populations.
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Total # of loci

HT

HS

GST

Nm

190

0.27 ± 0.02

0.16 ± 0.01

0.41

0.73
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Table 4. Estimates of Nei’s genetic distance (DN) coefficients (23) among the C. alpinum populations.
Pop-1

Pop-2

Pop-3

Pop-4

Pop-5

Pop-1

****

Pop-2

0.1301

****

Pop-3

0.1886

0.1729

****

Pop-4

0.2881

0.2809

0.2122

****

Pop-5

0.2487

0.2310

0.3037

0.3604

****

Pop-6

0.3216

0.2885

0.3024

0.3174

0.2581

phenological preference for dry summers and
wet winters. Although the entire genus is in the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora-Appendix II (CITES
II), no species has yet been red-listed (27). A recent
study developed models for the climatic niches of
Cyclamen and projected future climate scenarios for
2050 (28). According to this study, the area of climatic
suitability for every Cyclamen species is predicted
to decrease, and a limited dispersal capacity places
them at high risk for extinction. Half of the species
are threatened, with potential extinction due to
projected loss of habitat. In a subsequent study, Ciotir
et al. (27) proposed the following IUCN categories
for the Cyclamen species according to a phylogenetic
pattern based on species distribution, speciation,
and the previously predicted area loss: CR (critically
endangered), area loss of ≥80%, for C. colchicum, C.
intaminatum, C. libanoticum, C. creticum, C. cyprium,

+

+
9
+

11
+

Pop-6

****

C. elegans, C. mirabile, C. parviflorum, C. rohlfsianum,
C. somalense, C. cilicium, C. africanum, C. balearicum,
C. pseudibericum, C. coum, and C. trochopteranthum;
EN (endangered), area loss of ≥50%, for C.
hederifolium, C. graecum, and C. persicum; VU
(vulnerable), area loss of ≥30%, for C. purpurascens
and C. repandum; and LC (least concern) for none
of the species. This means that the 16 CR-proposed
species have a high probability of becoming extinct
in the wild, and the EN group may become critically
endangered without human intervention. Therefore,
these species were recommended for addition to the
IUCN Red List under the threatened categories.
The focus of this study was C. alpinum
(formerly C. trochopteranthum). As Ciotir et al.
(27) indicated and according to our own and other
researchers’ experiences during field observations
(personal communications), habitat fragmentation,
environmental degradation, and overharvesting of

POP-1
POP-2
+
8
+

POP-3
POP-4

+ 10
+
+

POP-5
7

+
|
0.20

|
0.15

POP-6
|
0.10

|
0.05

|
0.00

Figure 2. Dendrogram based on NJ of the genetic distances between C. alpinum
populations.
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tubers have exerted pressures on native populations
of C. alpinum. This has resulted in declines in density
and abundance and created isolation of relatively
small populations. In Turkey, the collection, growth,
and exportation of tuberous geophytes are controlled
according to the governing statute released in 1991.
This statute prohibits the exportation of 6 Cyclamen
species (C. graecum, C. mirabile, C. intaminatum, C.
parviflorum, C. pseudibericum, and C. alpinum) from
Turkey (14). Although the presence of this governing
statute is promising in the context of species survival,
these species are still at risk due to the continuing
direct and indirect effects of human activities. The
level and pattern of genetic diversity in native plant
species can be changed by human activities and this,
in turn, may lead to loss of genetic diversity, reducing
the evolutionary potential of a species to respond
to changes in environmental conditions (29). It was
shown by Godt et al. (30) and Godt and Hamrick
(31) that in many species genetic diversity is directly
related to population size. Newman and Pilson (32)
and Fischer and Matteis (33) indicated that individual
fitness and the potential of a population to persist
may be affected by levels of genetic diversity.
The current study has provided information
about the relative amounts of genetic variation
present within and among 6 C. alpinum populations.
A higher proportion (59.26%) of genetic variation
was due to differences within the populations, while
a relatively small portion (40.74%) of variation was
distributed among the populations. Gene flow among
the 6 studied populations was consistently low, the
rate being Nm = 0.73 migrants per generation, which
is below the critical value of Nm = 1.0, indicating the
start of genetic differentiation among populations
due to genetic drift. In support of this finding, the
genetic differentiation coefficient (GST) was 0.41,
which is considerably higher than the critical value of
0.25. Compared to widespread and abundant species,
endemic and rare taxa often contain significantly less
genetic variability (34-36). According to Hamrick
and Godt (37), the mean value of GST for short-lived
perennial and narrowly distributed species was 0.22.
In the evaluation of combined categories of seed
dispersal mechanisms and geographic range by the
same authors, the mean value of GST was again 0.22 for
420

narrowly distributed species dependent on animals
for seed dispersal. Having the same combined life
history traits, the GST value determined for C. alpinum
populations in our study is almost 2 times higher
than these mean values, indicating a serious level of
genetic differentiation among the populations. Gene
flow patterns due to reduction in pollen and seed
movement between populations may be modified by
population fragmentation and isolation and lowered
population densities, increasing the inbreeding
within populations (38). Although many recent
studies (39-42) indicated significant correlations
between elevation and genetic diversity parameters
in plant populations, we did not find any significant
correlation between the elevations of the C. alpinum
populations studied and their diversity measures
(P%, Na, Ne, h, and I) obtained in the study.
The results of this study support the
recommendation of Ciotir et al. (27) related to the
addition of C. alpinum (formerly C. trochopteranthum)
to the IUCN Red List under the CR category. Since
the endemism status of this species (endemic or
not) is controversial under the name of C. alpinum,
its inclusion in this list seems most critical. The
findings of our study indicate that all populations
should be conserved, giving priority to Pop-3, Pop1, and Pop-5, due to their relatively higher levels of
polymorphism. We propose in situ combined with
ex situ conservation, because of their individual and
mutual advantages. Most importantly, by applying
an in situ conservation strategy, populations may
be able to continue on their natural evolutionary
paths. However, because natural distribution areas
of C. alpinum populations are located in important
tourism and agricultural areas of the country, the
importance of ex situ conservation has become more
apparent.
RAPD markers have been used mainly for testing
genetic purity in Cyclamen seeds (43) and somaclonal
variation within C. persicum calli (44), and for
determining inter- and intraspecific genetic diversity
among C. persicum and C. com accessions (45). This
is the first attempt to characterize the populations
of C. alpinum, a valuable ornamental species, by
DNA marker system, specifically RAPDs. This is
important given the taxonomically confusing and
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controversial status of C. alpinum. However, there is
a need to compare samples of C. alpinum from the
other natural distribution areas in Mediterranean
countries with the samples obtained from the south
and southwest of Turkey. Additionally, other DNA
loci as well as isozyme data need to be analyzed to
clarify the taxonomic name and endemism status of
populations naturally distributed in the south and
southwest of Turkey.

Corresponding author:
Belgin GÖÇMEN TAŞKIN
Department of Biology,
Faculty of Science,
Muğla University,
Muğla - TURKEY
E-mail: belgingocmen@hotmail.com

References
1.

Ekim T, Koyuncu M, Güner A et al. Türkiye’nin Ekonomik
Değer Taşıyan Geofitleri Üzerinde Taksonomik ve Ekolojik
Araştırmalar. Tarım Orman ve Köyişleri Bakanlığı Orman
Genel Müdürlüğü, İşletme ve Pazarlama Dairesi Başkanlığı,
Sıra No. 669, Seri No. 65. Ankara; 1991 (in Turkish).

2.

Ekim T, Koyuncu M. Turkiye’den ihraç edilen çiçek soğanları ve
koruma önlemleri. II. Uluslararasi Ekoloji ve Çevre Sorunları
Sempozyumu; 1992: pp. 42-47 (in Turkish).

3.

Atay S. Soğanlı Bitkiler, Türkiye’den İhracatı Yapılan Türlerin
Tanıtım ve Üretim Rehberi. Doğal Hayatı Koruma Derneği
Yayınları. İstanbul; 1996 (in Turkish).

4.

Bürün B, Şahin O. In vitro and in vivo germination of Cyclamen
alpinum seeds. Turk J Bot 33: 277-283, 2009.

5.

Yesson C, Toomey NH, Culham A. Cyclamen: time, sea
and speciation biogeography using a temporally calibrated
phylogeny. J Biogeogr 36: 1234-1252, 2009.

6.

Debussche M, Garnier E, Thompson JD. Exploring the causes
of variation in phenology and morphology in Mediterranean
geophytes: a genus-wide study of Cyclamen. Bot J Linn Soc 145:
469-485, 2004.

7.

Compton JA, Clennett JCB, Culham A. Nomenclature in the
dock. Overclassification leads to instability: a case study in the
horticulturally important genus Cyclamen (Myrsinaceae). Bot J
Linn Soc 146: 339-349, 2004.

8.

Grey-Wilson C. Sprenger’s alpine cyclamen. Plantsman 1: 173177, 2002.

9.

Mathew B, Özhatay N. Türkiye’nin Siklamenleri, Türkiye’de
Doğal Olarak Yetişen Siklamen Türlerinin Tanıtım Rehberi.
Doğal Hayatı Koruma Derneği Yayınları. İstanbul; 2001 (in
Turkish).

10.

Weising K, Nybom H, Wolff K et al. DNA Fingerprinting in
Plants: Principle, Methods, and Applications. CRC Press. Boca
Raton, FL, USA; 2005.

11.

Winter P, Kahl G. Molecular marker technologies for plant
improvement. World J Microb Biotechnol 11: 438-448, 1995.

12.

Khanuja SPS, Shasany AK, Daroker MP et al. DNA
fingerprinting of plant genetic resources: the need of time. J
Med Arom Pl Sci 20: 348-351, 1998.

13.

Fritsch P, Rieseberg LH. The use of random amplified
polymorphic DNA (RAPD) in conservation genetics. In:
Smith B, Wayne KR. eds. Molecular Genetic Approaches in
Conservation. Oxford University Press; 1996: pp. 54-73.

14.

Şahin O, Bürün B. Cyclamen alpinum (hort. Dammann ex
Sprenger, 1892)’un morfolojisi, ekolojisi ve sitolojisi. SDÜ Fen
Dergisi 5: 5-15, 2010.

15.

Doyle JJ, Doyle JL. A rapid DNA isolation procedure for small
quantities of fresh leaf tissue. Phytochem Bull 19: 11-15, 1987.

16.

Cullings KW. Design and testing of a plant-specific PCR primer
for ecological and evolutionary studies. Mol Ecol 1: 233-240,
1992.

17.

Sharma R, Mahla HR, Mohapatra T et al. Isolating plant
genomic DNA without liquid nitrogen. Plant Mol Biol Rep 21:
43-50, 2003.

18.

Williams JGK, Kubelic AR, Livak KJ et al. DNA polymorphisms
amplified by arbitrary primers are useful as genetic markers.
Nucleic Acids Res 18: 6531-6535, 1990.

19.

Kimura M, Crow JF. The number of alleles that can be
maintained in a finite population. Genetics 49: 725-38, 1964.

20.

Nei M. Analysis of gene diversity in subdivided populations.
Proc Natl Acad Sci USA 70: 3321-3323, 1973.

21.

Lewontin RC. The apportionment of human diversity. Evol
Biol 6: 381-398, 1972.

22.

Yeh FC, Boyle T, Rongcai Y et al. POPGENE Version 1.32:
Microsoft Windows-Based Freeware for Population Genetic
Analysis. University of Alberta. Edmonton, Alberta, Canada;
1999.

23.

Nei M. Genetic distance between populations. Am Nat 106:
283-292, 1972.

24.

Saitou N, Nei M. The neighbor-joining method: a new method
for reconstructing phylogenetic trees. Mol Biol Evol 4: 406-425,
1987.

25.

Lewis PO, Zaykin D. Genetic Data Analysis: Computer
Program for the Analysis of Allelic Data (version 1.1). Free
program distributed by the authors over the Internet; 2001.

421

Genetic diversity of natural Cyclamen alpinum populations

26.

Reid WV, Money HA, Cropper A et al. Ecosystems and Human
Well-Being: Synthesis/Millennium Ecosystem Assessment.
Island Press. Washington, DC; 2005.

37.

Hamrick JL, Godt MJW. Effects of life history traits on genetic
diversity in plant species. Philos Trans R Soc Lond B Biol Sci
351: 1291-1298, 1996.

27.

Ciotir C, Yesson C, Culham A. Future predictions of Cyclamen
distribution in the Mediterranean region. Nature Precedings,
doi:10.1038/npre.2009.3066.1, 2009.

38.

Cruse-Sanders JM, Hamrick JL. Genetic diversity in harvested
and protected populations of wild American ginseng, Panax
quinquoefolius L. (Araliaceae). Am J Bot 91: 540-548, 2004.

28. Yesson C, Culham A. A phyloclimatic study of Cyclamen. BMC
Evol Biol 6: 72, 2006.

39.

Ellstrand NC, Elam DR. Population genetic consequences of
small population size: implications for plant conservation.
Annu Rev Ecol Evol 24: 217-242, 1993.

Jordano P, Godoy JA. RAPD variation and population genetic
structure in Prunus mahaleb (Rosaceae), an animal-dispersed
tree. Mol Ecol 9: 1293-1305, 2000.

40.

Godt MJW, Johnson BR, Hamrick JL. Genetic diversity and
population size in four rare southern Appalachian plant
species. Conserv Biol 10: 796-805, 1996.

Goto S, Tsuda Y, Koike Y et al. Effects of landscape and
demographic history on genetic variation in Picea glehnii at the
regional scale. Ecol Res 24: 1267-1277, 2009.

41.

Thiel-Egenter C, Gugerli F, Alvarez N et al. Effects of species
traits on the genetic diversity of high-mountain plants: a multispecies study across the Alps and the Carpathians. Global Ecol
Biogeogr 18: 78-87, 2009.

42.

Chen SY, Ma X, Zhang XQ et al. Genetic variation and
geographical divergence in Elymus nutans Griseb. (Poaceae:
Triticeae) from West China. Biochem Syst Ecol 37: 716-722,
2009.

43.

Zhang JH, McDonald MB, Sweeney PM. Testing for genetic
purity in petunia and cyclamen seed using random amplified
polymorphic DNA markers. HortScience 32: 246-247, 1997.

44.

Laura M, De Benedetti L, Bruna S et al. Cyclamen persicum Mill.:
Somatic embryogenesis and RAPD analysis of embryogenic
callus. Acta Hort 625: 137-144, 2003.

45.

Naderi R, Alaey M, Khalighi A et al. Inter- and intra-specific
genetic diversity among cyclamen accessions investigated by
RAPD markers. Sci Hortic 122: 658-661, 2009.

29.

30.

31.

Godt MJW, Hamrick JL. Genetic diversity in rare southeastern
plants. Nat Areas J 21: 61-70, 2001.

32.

Newman D, Pilson D. Increased probability of extinction due
to decreased genetic effective population size: experimental
populations of Clarkia pulchella. Evolution 51: 354-362, 1997.

33.

Fischer M, Matteis D. Effects of population size on performance
in the rare plant Gentianella germanica. J Ecol 86: 195-204,
1998.

34.

Hamrick JL, Godt MJ. Allozyme diversity in plant species. In:
Brown AHD, Clegg MT, Kahler AL et al. eds. Plant Population
Genetics, Breeding, and Genetic Resources. Sinauer; 1989: pp.
43-63.

35.

Falk DA, Holsinger KE. Genetics and Conservation of Rare
Plants. Oxford University Press. New York; 1991.

36.

Affre L, Thompson JD, Debussche M. Genetic structure of
continental and island populations of the Mediterranean
endemic Cyclamen balearicum (Primulaceae). Amer J Bot 84:
437-451, 1997.

422

